
:eder.pas
feeder.pas

if (abs(eosa) > 1.Oe-6) then
alpha = AreTan(sqrt(l - eosa • cosa) / cosa) • 180 / pi

else
alpha - 90.0

end if

L2_distance abs(alpha • MinPerDegree • StatMiPerMin • KFPerStatMi)

us
bs
as
mh
ac_structure
pet ugd
pet-bur
pct-aer
ltl¢ti
yliit

rocedure optimi ..e ~eeder arrangement
variables passed in:-
switchX
SwitchY
density
num SAIl
• SA-array
·feeder cost
.feed splice cost
*ugd cable 
*bur-cable
*aer-cable
·ugd-fiber
*bur-fiber
*aer=fiber
*ugd structure
*bur=st ructure
*aer structure
*ManholeCost

local variables:

)

k
n
dmtx
x
y

from
to

cut ord
DistToNode
DistToSwiteh
feeder_distance
tcost
cable cost
structure cost
FillFaetor
primfile
uc
bc
ac
uf
bf
af
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this is a procedure within the procedure

procedure calculate ~eeder structure C081:8
passed variables: - -
SwitchX
SwitehY
density
·structure cost
*FillFactor
*ugd structure
*bur=structure
*aer structure
*ManholeCost
*pet_ugd
·pet_bur
*pct_ae r

local variables~

1

tatlines
fib_lines
cop l.ines
technology
n2016
n672
n96
n24
us
bs
as
mh
pu
pb
pa

This procedure calculates an average structure cost for the feeder based
on average line density for the feeder network (given}.)

totlines "'" zero
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eeder.pas feeder.pas

for i = 1 to Dum ~
totlines = totlines + SA array[i].lines

next i -

density
FillFactor
*technology
*n20l6
*n672
*n96
*n24
pct ugd
pct:::bur
pct_aer

FillFactor - Fill_Factor_fn(density,1) (global.pas) next i

if (pct_ugd + pct_bur + pct_aerl < one then

(provisionally, assign half of "free" percentage to aerial, half to buried)

for i = 1 to NUmDensZon••
if (density >= copr_dP~antJ(iJrCil.c\lul.Sity) then

pct_ugd = CopF_dP~antJ(iJrCil.D9dPct

pct_bur ~ CopFeedP~tJ(iJrCil.BurPct

pct_aer = CopFeedP~antJ(iJrCil.AerPct

end if
next i

{ Now calculate line-weighted average structure cost and pet bur, aer, ugd. }

zero
zero

:= zero
- zero
=" zero

zero
zero
zero

for i = 1 to Dum BAs
if sA_array[i] . feeder_technology - fiber then

fib lines -(SA array[i] .n20l6 + SA array[ij .n672 + SA array[iJ .n96
+ SA-array[ij .n24) * 4 - -

structure cost
ugd structure
bur=:'structure
aer structure
ManholeCost
pct_ugd
pct_bur
pct_aer

pct aer + ha~f * (one - pct ugd - pct bur - pct aer)
pct:::bur + ha~f * (one - pct:::ugd - pct-bur - pct:::aer)

pet aer
pct=bur

end if
*Y'- this is ineonsiltent with the way distribution does this same thing. dist"n assigns extra to portion with largest cost

i Now approximate feeder technology based on distance co switch J

for i = 1 to nUlll &As
Iinot sure what DistanceType is

Istructur .pas)

*us
*bs
*as
*mh
*pu
*pb
*pa

structure cost + SA array[i).lines
call structure c08t-fn
pass variables7 -
o
fib lines
density
SA array[i].hardness
SA-array[i).DepthToBedrock
SA-array[i] . SoilTexture
SA-array[i].MinSlope
SA-array[il.MaxSlope
SA-array[i].waterTb
1 -

o
1

structure cost

(feeder .pas)

(feeder .pas)Ll di8tance * FeederJloadFactor
va;iables:
SA array[i] .x[l]

- SwitchX
SA array[i] .y[l]
SwitchY

L2 dietance * Feede>:lloadFactor
va';iables:
SA array[i] .x[l)
switchX

= SA_array[i].y[l)
- SwitchY

call
pass
Xl
X2
Y1
Y2

if Di8tancexype = 1 then
feeder_distance ~ call

pass
Xl
X2
Y1
Y2

end if

else
feeder distance

call calculate feeder technology
pass variables7 -
feeder_distance

(tech.pas)
ugd structure
bur=structure

ugd structure + SA array[i] .lines • us
bur=structure + SA=array[il .lines • bs
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~eder.pas
feeder.pas

structure cost = structure cost / tat lines
ugd structure - ugd structure / tot lines
bur-structure = bur-structure / tatlines
aer-structure = aer-structure I tatlines
ManholeCost = ManholeCost / totlines
pet ugd - pet ugd / totlines
pet-bur = pet-bur / tot lines
pct-aer ~ pct-aer / tot lines

ManholeCost = ManholeCost + SA_array[i].lines ' mh
pet ugd = pet ugd + SA array[ij.lines " pu
pet-bur - pet-bur + SA-array[i].lines • pb
pet=aer = pct=aer + SA=array[i].lines " pa

end if
next i

procecture.·J:e'Veal•• aoc't'Ut
passed variables:
xk.f
ykf
reflon
reflat
"x1on
'y1at

'as
'mh
'pu
'pb
'pa

ugd structure + SA array[i).lines ' us
bur-structure + SA-array[i] .lines • bs
aer:structure + SA:array[i].lines • as

ugd structure
bur:=structure
aer_structure

(structur.pasj

'us
'bs
'as
'mh
'pu
'pb
'pa

ugd structure = ugd structure + SA arraY[l] .lines * uS
bur-structure = bur-structure + SA-array[iJ .lines • bs
aer=structure = aer-structure + SA=array(i] .lines * as
Manho1eCost = Manho1eCost + SA arraY[1] .11nes ' mh
pet ugd = pet ugd + SA array[iJ.1ines ' pu
pet-bur = pet-bur + SA-array[i] .1ines ' pb
pct=aer = pct-aer + SA=array{i} .lines * pa

aer structure = aer structure + SA array[i] .lines • as
ManholeCost = Manholecost + SA array[i] .lines ' mh
pet ugd - pet ugd + SA array[iJ.lines ' pu
pet-bur - pet-bur + SA-array(i].lines • pb
pct:aer - pct:aer + SA:array[i].lines ' pa

else if SA array(i].feeder technology = t 1 then
cop lines = SA array[iJ.1ines / 12 -
structure cost-= structure_cost + SA_array[il .lines

, call structure cost ~n

pass variables~ -
cop lines
o -
density
SA array[i] .hardness
SA-array[i).DepthToBedrock
SA-array[i].SoilTexture
SA-array[i].MinS1ope
SA-array[i].MaxS1ope
SA-array[i].waterTb
1 -

1
o

else
structure_cost structure cost + SA array[iJ .lines

* call structure coat-fn
pass variables7 -
SA_array[i].lines
o
density
SA array[ij.hardness
SA-array[i] . DepthToBedrock
SA-array[i].SoilTexture
SA-array[ij.MinSlope
SA-array[i].MaxSlope
SA-array[i].WaterTb
1 -

1
o
'us
'bs

(structur.pasj
locaLvar;ilIbles:
N,

c

start of procedure ealculate_feeder_structure_costs
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:der.pas
feeder.pas

{ First, calculate structure costs to be used in tree calculation. }

Now we need to set up the distance matrix to be used by PrimTree. )

n "" tlUIIl Bas + 1
x[l] - switchX
y[l] - SwitchY

ac_ugd_struc '* us + ac_bur_struc 'If bs + llc_aer_.stl' as
+ ac_maJ1hole * mh

(primfeed.pas)

pass variables:
Xl = xli]
X2 - x[jJ
Yl = y[iJ
YZ = y[j]

drntx[i] (j]

open the file prirnfile with filename = 'prim.asc'

call prim tree
pass varia-bles:
n
dmtx
density
Fill Factor
ae structure
*_from
, to
'-OistToNode
*OistToSwitch
pct_ugd
pet_bur
pet aer

drntx [ j J [i]
end if

next j
next i

(feeder.pas)

ae structure

call calculate feeder structure costs
pass variables7 - -
SwitchX
switchY
deUlty
·structure cost
*FillFactor
'us
'bs
'as
'mh
'pet ugd
*pct-bur
·pct=aer

write to primfile: _fromlil, I " to[i], I I, DistToNode[i],
DistToswitch(i], I " xlon, I " ylat

for i = 2 to n
x(i1 - SA_array[i-l] .x[l]
y[i] = SA_array[i-ll.y[ll

next

for i = n+l to n + Dum &As
x[iJ = SA_array [i-l-num_SAaJ .x[1J
y[i] = SwitchY

next

for i = n + num Sas + 1 to n + num Bas + num BAs
x[iJ = switchX --
y[i] = SA_array [i-l-Z'nam_SAS] .y[lJ

next

write to primfile: ' from

for i = 1 to n
call _ne_con_R

119" variables:

_latitude

to DtoNod DToSw x y'

(feeder .pas)

for j - 1 to i
if Distanee~ = 1 then

dmtx[iJ [j] - call Ll distance' FeedB%RoadFactor
pass variables:
Xl = xli]
XZ = x[j1
Yl = y[iJ
YZ = y[j]

n = n +

for i ,.

." tlUII_SAs

to n

else
drntx(i] [j] call L2_distance ' Feed8%Roadfactor

(feeder.pas)

(feeder.pas)

ati.~llde

next

( Determine cuts by pruning branches )
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:ler.pas

call prune
pass variables:
n = n
to = to

*cut_ord = cut_ord

(primfeed.pas)

structur.pas

structur.pas

the only procedure used outside of this module is structure_cast_fn

function atrUoture_cost_fn

Accumulate lines at each node, and sum total feeder cost }

{Initialize disaggregated structure cost to per-kf values. Cumulate function will)
(return total disaggregated structure costs. i

cr it ical depth
soil texture indicator
fiber cables
copper_cables
NumberOfDucts
ManholeSpacing
ugd share
bur-share
aer-share
free_pct

ugd structure = us
bur=structure = bs
aer_structure = as
ManholeCost = mh

call cumulate lines
pass variables:
n
to

DistToNode
DistToSwitch
cut_ord
structure cost
density -
fill Factor
*feeder cost
·ugd cable
"'bur-cable
Iraer-cable
*ugd-fiber
·bur-fiber
*aer-fiber
·ugd-structure
"bur-structure
*aer-structure
*ManholeCost
pct ugd
pc<)ur
pct_aer

(primfeed.pasY

passed variables:
copper lines
fiber lines
density
hardness
depth to bedrock
soil texture
MinSlope
Ma"Slope
WaterTb
feeder indicator
copper-indicator
fiber Indicator
.ugd st.ructure
*bur-structure
*aer-structure
*manhole cost
·pct ugd
·pet-bur
*pct=aer

local variables:

( tells us this is for feeder
{ tells us there is copper J
{ tells us there is fiber I

for i = 1 to .... $All
SA_array[iJ .DistToSwitch

next

DistToswitch[i+l)
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pct ugd = ",era
pct=bur - ",era
pet aer ... zero
critical depth = ~ero

soil texture indicator = 0
fiber cables- = 0
copper_cables = 0
NumberOfDucts = 0
ManholeSpacing = ",ero
ugd share = ",ero
bur-share = .ero
aer:share = zero
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Jctur.pas structur.pas

manhole_cost
bur_structure
ugd_structure
aer_structure

::;:: zero
zero
zero
zero

critical_depth ~ copper-p~acsmadt_~th

if (copper indicator = 1) and (fiber indicator = 1) then
critical_depth = max(c~r-p~ace..at_~tb. ~Lber-p~ac.-.nt_~tb) (global.pas)

( Calculate soil texture impact
if (copper indicator = 1) and (fiber indicator • 0) then

critical_depth = cop,per-p~c-..at_~tb

for i - 1 to NUmf8x~.

soil texture_indicator = 0

next
~ - should sort the SurIText array, use binary search

if SUr~t[i}.t&Xture= soil texture then
soil texture indicator = 8PrfTaxtCiJ.~.ct

end if -

for = 1 to NumDeDsZODe.
if density >- HardRockStrucCil.daa.ity then

if feeder indicator ~ 1 then
ugd structure = ugd share * BardRockStruc[i).FeedUgd
bur-structure ~ bur-Share * BardRockStruc[i).Feed8ur
aer-structure ~ aer-share * BardRockStruc[il.'eedAer

else - -
ugd structure = ugd share * HardRockStruc[i].Di.tUgd
bur-structure = bur-share * HardRockStruc[i].Di.tBor
aer-structure = aer-share * BardRockStracCi].Di.tAer

end if -
end jf

j Interact water table and rock hardness}

if (depth to bedrock < critical depth) and (hardness - 'HARD') then
{use hard rock values} -

if (copper indicator - 0) and (fiber indicator - 1) then
critical_depth - ~1ber-p~c-..at=~tb

free-pct = ODe - pct_ugd - pct_bur - pct_aer
if free_pct < zero then free_pct = zero

( this is for distribution plant )

! this is for feeder plant ;

Di.tp~lUJtHUCi].deDaity then
Di.tp~lUJtHUCil.UgdPct

Di.tp~lUJtHUCi].BurPct
Di.tp~lUJtHUCi].AeLPct

if density >~

pct_ugd
pct_bur
pct aer

end if
next

for i : 1 to NUmDen.Zon••

if feeder indicator = 0 then

{ Calculate structure distribution

else

for i = 1 to NUmDe~Zone.

(:ext

Illooks like feed copper cable capacity is like maximum copper feeder size
If feeder indicator = 1 then -

NumberOfDucts = round (copper_lines / ~..d_cq>per_cab~._capacity+ ha~~

+ round (fiber_lines / ~1ber_cab~e_capacity + ha~~ + 1

if density >=
pct_ugd
pct_bur
pct aer

end if 
next

CopFeedP~lU>tHUCi].deDsitythen
Cop'_dP~t:IIi%Ci].UgdPct

Cop'_dP~lUJt:IIi%Ci] .Bw:Pct
CopF..dP~lUJtHUCi].AeLPct

else
NumberOfDucts

end if
round(copper_lines / di.t_cq>per_cab~e_capacity + ha~~) + 1

end if
'W - should set a density_index variable for lise in allsubseqllent calculations, density does not change if NumberOfDucts < 2 then NumberOfDucts

( Get sharing information

for i = 1 to BIDaDen.Zo....
if density >= ShariDgCi].denaity then

ugd share = SbariDg[i].Ugd ahara
bur-Share = Shari"9'Ci].Bw:-.hare
aer-share = Shari"9'Ci].Aer-.hare

end if - -
next

!Calculate water table effect )

for i - 1 to NUmDe~Zon••
if density >= ~o~e~c[i].~ity then

ManholeSpacing - MaDho~eB.Pac[i].Maabo~espaCiDg

end if
next

{attempt to find the manhole with the correct number of ducts}
for i ~ 1 to ~~eSize. - 1

if NumberOfDucts >= ~o~.t[i].Duct~ then
manhole cost = HaDbo~eCb.tCi].BardCO.t / ManholeSpacing

( manhole cost per foot for underground)
end if
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tructur.pas structur.pas

next

(add any extra cost if necesssary)
if NumberOfDucts > Manho~ecoatC~~.SJ.z.a-1] . DuetCap then

manhole cost = manhole cost + H&aho~ecoatC~~.SJ.z.aJ.BardOoat

- • (NumberOfDucts - ManhoaCo.tC-.u>ho~.SJ.z••-IJA.DuetCap)
end if

IV -looks like lOiUexture_indiClltor is not used properly, .bo~e test should result in 'soft rock' conditions

ugd_share • SoEtRockStrDcCJ.}.DJ.atDgd
= bur share· SoEtRockStrDcCJ.J.DJ.atsar
= aer=share • SoEtRockStrDcCJ.}.DJ.atAer

roundlcopper_lines / di.t_eopper_eab~._capaci~ + ha~~ + 1
else

NumberOfDucts

end
else

ugd structure
bur-structure
aer-structure

end if 
next

if feeder indicator = 1 then
NumberOfDucts = round(copper_lines / f_d_eopper_eab~._capaei~ + ha~~

+ round{fiber_lines / EJ.ber_cab~._capaci~ + ha~~ + 1

·W • see note .bo~e

for i - 1 to NuaDensZon.a
if density >= lSoEtRockStJ:uc:{i}._J.ty) then

if feeder indicator = 1 then
ugd structure - ugd share· SoEtRockStraeCJ.}.r.-dUgd
bur-structure - bur-share· SoEtRockStraeCJ.} . .-.dBar
aer-structure = aer-share • SoEtRockStraeCJ.J.~r
if - -

1) then

NortlUl~StrueCJ.J.F..dUgd
• Noraa~StJ:uc:CiJ.F~

NozaalStrue Ci} . r_
7

r

= 1 then
ugd share
bur-share
aer,=share

if feeder indicator
ugd structure
bur=structure
aer structure

end if -

for i = 1 to 1fUIIIDeDaZone4
if density >= NozaalStrueCJ.}.deDsJ.ty then

else if (depth to bedrock >= critical depth) and (soil texture indicator
( use normal values ) - --

if NumberOfDucts < 2 then NUmberOfDucts

If feeder indicator = 1 then
NumberOfDucts = round{copper lines / f ••d copper cab~. capacity + ha~f

+ round(fiber lines / EJ.ber=cab~._capaci'ty + hal~ • 1
else

NumberOfDucts
end if

round ( copper_lines/di.t_copper_cable_capacity + half
~~~ = 1 to ~ol.Siz.s - 1

if NumberOfDucts >= H&aho~eCo.t{iJ.DuctC~ then
manhole_cost = H&aho~eCoat{iJ.SoftCOat / ManholeSpacing
( manhole cost per foot for underground)

end if
next

if NumberOfDucts < 2 then NumberOfDucts = 2

for i = 1 to HUmDenaZou8s
if density >- H&aho~.spac{iJ.daDai~then

ManholeSpacing = Manho~.spac{i}.H&aho~.8.PaciDg

end if
next

ugd share • Noraa~StrDc{iJ.DiatUgd

bur-share • Noraa~Struc{iJ.Di.tBur
aer=share • NOrtlUl~Struc{iJ.Di4tAer

else
ugd structure
bur=structure
aer_structure

end if
next

for i = 1 to HUmDenaZon••
if density >- H&aho~.8.Pac{i}.densi~then

ManholeSpacing = H&Dho~.s.Pac{iJ.H&Dho~.s.Pacing

end if
next

for i = 1 to NUmManho~.Siz.a - 1
if NumberOfDucts >- H&aho~eCo.t{iJ.DuctCBpthen

manhole cost - H&aho~eco8t{iJ.Nozma~CO.t / ManholeSpacing
( manhole cost per foot for underground)

end if
next

if NumberOfDucts > H&aho~eCoat{NamNanho~.Siz••-lJ.DuctC4p then
manhole cost = manhole cost + H&aho~eCoatlNamNanhoaSiz.a}.Nozma~Co.t

- * (NumberOfDucts - ~o~eCoatC~~.Siz.a-l}.DuctCap)
end if

if NumberOfDucts > H&aho~.COat{NUmManho~.Sis••-lJ.DuctC4p then
manhole cost - manhole cost + .aahoaeoatC~~.Siz••J.SoEtCo4t

* (NumberOfDucts - H&aho~eCoat{~~.Siz.a-lJ.DactCap)
end if

end if
Iladjust manhole cost for sharing
manhole cost = ugd share * manhole cost • 1000 (results in dollars per kilo foot )
ugd structure = ugd-structure • 1000
bur-structure = bur-structure * 1000
aer=structure = aer=structure * 1000

if (MinSlope < ~~cperri998r) and (MaxSlope > HaxS~cpe~ri998r) then
ugd structure = ugd structure • Ca-bS~cperactor

bur-structure = bur-structure • Ca.bS~o,peraetor
aer-structure = aer-structure * C~l~'actor
manhole_cost = manhole_cost • oo.bSlqpeFaetor

else {use soft rock values J
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ructur.pas cable.pas

cable.pas

!/adjust percentages so they balance to 1.0, throwing any difference
with largest dollar amount
if (ac ~ .true * ugd structure + 8C manho~e * manhole cost)

<= mJn((~c bUr 6true-' bur structure) -
I (~c_a.r_.truc • aer_structure)) then

else if (MinSlope
ugd_structure
bur structure
aer-structure
manhole cost

else if (MaxSlope
ugd_structure
bur_structure
aer structure
manhole cost

end if -

< HinSlopeTr1gger) then
ugd_structure • HlnSlopeFactor
bur_structure' HlnSlopeFaetor
aer structure .. ~~~.ctor
manhole_cost • HinSlopeFactor

> HaJrSlopeTr1gger) then
ugd_structure ' HaJrSlopeFactor
bur_structure ' HaJrSlope'actor
aer_structure .. ~SLa,par.ctor

manhole_cost ' HaJrSlopeFactor

into plant type

(global.pas)

the two functions used outside of this module are feed_cable_cost and dist_cable_cost

function feed cable cost
passed v~iables:
lines
density
technology
'ugd copper
'bur-copper
*aer-copper
'ugd-fiber
"bur-fiber
*aer-fiber
pct_ugd
pct_bur
pct_aer

pct_ugd = pct_ugd + free_pct

else if (ac bur strue * bur structure)
<= min((4c uQd _true' ugd structure + ac manhole' manhole cost) (global.pas)

, (ac_••r_.eruc * aer_structure)) then

pct_bur = pct_bur + free_pct

local variables:
i
templ
temp2
ugd2
bur2
aer2

/Ithis test should wrap this function, exit if there are no lines
if (copper lines + fiber lines) >~ hal~ then

structure_cast_fn = ugd_structure + bur_structure + aer_structure + manhole_cost

else
ugd_structure - zero
bur_structure = ••%0

aer structure = sero
manhole cost = sero
structure cost fn - zero

end if --

else if (ac ••r .true • aer structure)
<~ min((ac bUi .true • bur structure)

, tac_u9d_strue • ugd_structure + ac_manhole

//lines must be total lines
if lines < half then

feed_cable_cost - zero

else
if (technology = copper26) or (technology = copper24) or (technology

if lines <= ~eed_copper_cable_cap4c1tY then
for i = 1 to RUmFeedCableS1zea

'W _looks like .ables are undenized here, lesl should be reversed, need 10 use break on Ihi. loop
if lines >= co.PD1atCOatl11.cabLeS1ze then

( costs are input per foot; we're working with kf )
ugd copper - pct uqd • ~.tl£l.CO.tD9d· 1000
bur-copper - pet-bur • ~tl£l.CO.tBar • 1000
aer-copper - pct-aer • ~atl£l.oo.tAer • 1000
tempi - ugd copper + bur copper + aer copper

end if - - -

next

t 1) then

zero
zero
zero
zero
zero
zero
zero
zero
zero
zero

= zero

ugd_copper
bur_copper
aer copper
ugd::fiber
bur fiber
aer-fiber
ugd2
bur2
aer2
templ
temp2

(global.pas)
manhole cost)) then

pct aer • free_pct

- pct ugd ' ugd structure
pct-aer * aer-structure
pct-bur ~ bur-structure
pct=u9d * manhole_cost

pcr aer

end if

ugd_structure
aer structure
bur-structure
manhole_cost
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le.pas

else
for i = 1 to 1lUaFeedC&bleS.h:ea

if (round (L.N<Lcopper_c4lble_capacity) ) >= eopreedCoseCil.Size then
//this is integer division,calCulating number of max size cables

tempI = (round (lines) div round(~eed copper cable capacity)
ugd copper = tempI' pet ugd • cqpr~seCil.eo'-eD9d • 1000
bur-copper - tempI' pet-bur' CQ.pFeedCoseCil.eoat8ur • 1000
aer-copper = tempI' pct-aer • CqpFeedOostCi].CoatAer • 1000
tempI = ugd copper + bur-copper + aer copper

end if - - -
//calculate residual cable size
if (round (li nes) mod round (~eed copper cable cap.ci ty) )

>= CopFeedCost[iJ'.Size then - - -
ugd2 = pet ugd • CqpFeedCoatCi].eostUgd • 1000
bur2 = pet-bur' CopFeedCost[i].eostBur • 1000
aer2 = pct-aer • CopFeedCost[i].eostAer • 1000
ternp2 = ugct2 + bur2 + aer2

end if
next

end if

templ = tempI + temp2
ugd copper = ugd copper + ugd2
bur-copper = bur-copper + bur2
aer=copper = aer=copper + aer2

V.24 Gauge ~opper is assullled to be a constant multiplier of 26 gauge

if technology = copper24 then
feed cable cost = tempI • multiplier 24
ugd copper-= ugd copper' multiplier-24
bur-copper ~ bur-copper' multiplier-24
aer:copper = aer=copper • multiplieZ=24

else
feed cable cost = tempI

end if - -

else ( technology is fiber )

if lines <= ~iber cable c.p.city then
'W - see cable sizing note above - -

for i = 1 to NUarLberCableSizea
if lines >= FiberFeedCostCil.size then

ugd fiber = pet ugd • FiberFeedCoatCi].CoatUgd· 1000
bur-fiber = pet-bur' FiberFeedCoatCil.eost8ur • 1000
aer-fiber = pet-aer • FiberFeedCoat[i].CoatAer • 1000
tempI = ugd fiber + bur fiber + aer fiber

end if - - -

next
else

for i = 1 to RUariberCableSizea
'W -looks like this should be fiber_cable_capa~lty

if (round(~eed copper cable capacity)} >= FiberreedCostCij.Size then
·W - looks like this should be fiber_cable_ca.,.~iiY - -

tempI = (round (lines) div roundl~""LCopJ>er_cabl.._capacity} 1
ugd fiber = tempI' pet ugd • ribe~oatCi].eoatD9d • 1000
bur=fiber = tempI' pet=bur • riber'-edCoatCil.eoat8ur • 1000

71

cable.pas

aer fiber = tempI' pet aer • FiberFeedCoat[i].OOstAer • 1000
temPI - ugd_fiber + bur=fiber + aer_fiber

end if
·W - looks like this should be fiber_cable_ca.,.~ity

if (roundllines) mod roundl~eed copper cable c~ity»

>= Fiber~stCi].Size then- - -
ugd2 - pet ugd • Fibe~tCi].eostUgd • 1000
bur2 = pet bur • Fiber.-edCOseCiJ.eost8ur • 1000
aer2 = pet-aer • Fiber.-edCOsCCiJ.eostAer • 1000
ternp2 - ugd2 + bur2 + aer2

end if
next

end if

templ ~ tempi + temp2
ugd fiber = ugd fiber + ugd2
bur-fiber = bur-fiber + bur2
aer-fiber = aer:fiber + aer2

feed cable cost = tempI
end if - -

end if

function diat cable coat
passed v~iables:
lines
density
gauge
'ugd copper
'*'bur=copper
"'aer copper
pct_ugd
pet_bur
pct~aer

local variables:
i
tempI
temp2
ugd2
bur2
aer2

ugd copper - zero
bur=copper = zero
aer copper = zero
tempI = zero
ternp2 = zero
ugd2 ~ zero
bur2 = zero
aer2 = zero

if lines <= hal~ then
dist_cable_cost = zero
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else
templ :zero
temp2 zero

if lines <= elist copper cable capacity then
for i = 1 to-NulIlCabJ.eSi:ze.

I _ looks like cabl" are undenized here, test .h....ld be revened. need to lise break on this loop
if lines <= Co.PDiateoatCi].CableSi:ze then

ugd copper = pct ugd • copDiatCOatCi].COstD9d • 1000
bur-copper ~ pct-bur • Co.PDistCOstCi].CoatBar • 1000
aer-coppe r = pct-aer • CopDistCOstCi].COatAer • 1000
templ = ugd copper + bur copper + aer copper

end if - - -

nex:t
else

for i = 1 to NulIlCableSi:zes
if (round(elist copper cable capacity) <- CopDistCostCi/.CableSi:ze) then

templ - (round (lines) div round (elist_copper_cable_capacity) )
ugd_copper - templ • pct_ugd • CopDistcostCi].COatU9d • 1000
bur copper - templ • pct bur' Co.PDistCoatCi}.COstBar • 1000
aer-coppe r = templ • pct-aer • CopDiatCostCi}.coatAer • 1000
templ - ugd copper + bur-copper + aer copper

end if - -

if (round(lines) mod round(elist copper cable capacity))
>~ copDiatCoatCi].CableSize then - -

ugd2 = pct ugd • CopDistCostCi}.coatU9d • 1000
bur2 = pct-bur • CopDiatCOatCi}.coatBar • 1000
aer2 ~ pet-aer • CopDiatCOstCi].CostAer • 1000
temp2 = ugd2 + bur2 + aer2

end if
next

end If

templ = templ + temp2
ugd_copper = ugd_copper + ugd2
bur copper = bur copper + bur2
aer=copper = aer=copper + aer2

if gauge = g24 then
dist cable cost = templ • multiplier 24
ugd copper- - ugd copper • multiplier-24
bur-copper = bur-copper • multiplier-24
aer=copper = aer=copper • multiplier:24

else
(jist cable cost = templ

end if - -

end if
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the only procedure used outside of this module is calculate_prim_distribution_cost

procedure cumulate lines
passed variables:
GR
n ( number of nodes )
to

line vector
DistToNode
DistToSAI
cuts
density
Fi llFactor
.... dist cost
'ugd cable
*bur-cable
... aer- cable
·ugd-structure
*bur-structure
*aer-structure
*ManholeCost

local variables:
c

nc

was cut
q26-1ines
g24=lines
structure cost
cable cost
technology
ucl
bel
acl
ue2
bc2
ae2
us
bs
as
mh
penalty
pct ugd
pct=bur
pct_aer

us ~ ugd structure
bs ~ bur-structure
as ~ aer-structure
mh = ManholeCost
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density
GR. hardness
GR. DepthToBedrock
GR. SoilTexture
GR,Minslope
GR.Maxslope
GR.WaterTb
o
I
o
"us
"bs
"as
"mh
"pct ugd
·pct-bur
·pct=aer

aero
:rere
zero

.:: zero
zero
zero
zero

= zero
zero
zero
:rere
zero
zero

ugd structure ~

bur=structure ~
aer structure
ManholeCost
ugd cable
bur-cable
aer=cable
ucl
bcl
ael
uc2
bc2
ac2

nc = cuts[IJ

dist_cost = zero

for i = 1 to n
was cut[iJ - false

next

for 1 = 1 to n
g26 llnes[ij = zero
g24 ~lines[iJ ~ :rero

next

call diat cable coat(cable.pas)
pass variables:-
g24 lines[i)
density
g24
*uc2
"bc2
*ac2
pct ugd
pc<)ur
pct_aer

_ ugd_cable + {ucl + uc2l • DistToNode[i] " penalty

call diat cable coat +
pass variables:
g26_lines [iJ
density
g26
*ucl
*bcl
*acl
pct_ugd
pct_bur
pet aer

ugd_cable

cable cost

cable cost = zero
structure cost = zero
uel = zero
bel = zero
ael = zero
uc2 = zero
bc2 = .ero
ac2 = zero
uS = zero
bs = zero
as = zero
mh = zero

end if

else

if (g26 lines[i) + g24 lines[i]) > 1.Oe-6 then
if DistTosAI[il > iax copper distance then

penalty = ~rP.Daity
else

penalty = ODe
end if

.W - this penalty calculation i. repeated elsewhere
dist cost = dist cost + (structure cost + cable cost)

- • DistToNode[i] " penalty -(structur.pas)
if g26 lines[i] + g24 lines[i) > zero then

structure cost s call structure coat tn
- pass variables7 -

g26 lines[iJ+g24 lines[i)
0--

to nc
i = 2 to n
if not(was cut[i]l then

if cuts[i]=c then
k - tori]
g26 lines[k] = g26 lines[k] + g26 lines[i]
g24-lines[kl = g24-lines[k] + g24=lines[iJ

for c =
for

for i == 2 to n
if DistToSAI[iJ > copper gauga xover then

g24_lines[i] - line_~ector[iJ
else

g26 lines[iJ = line vector[i]
end if - -

next

for i = 2 to n
if cuts[i]>nc then

nc = cuts[i]
end if

next
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bur cable
aer=cable

bur cable + (bel + bc2) • DistToNode[ij • penalty
~ aer-eable + (ael + ac2) • DistToNode[i] • penalty

primdist.pas

end if
next

ugd_structure "'"
bur structure
aer-structure
ManholeCost

end if

ugd structure + us • DistToNodeliJ
bur-structure + bs • DistToNode(i]
aer-structure + as + DistToNode[i]
ManholeCost + mh • DistToNode[ij

+ penalty
• penalty
• penalty
• penalty

if cut it then
cut ord[ij
was-cut(i]
total cuts

end if 
end if

next

=' cut_nurn
:=: true

total_cuts + I

end
next

next

end
was_cut[i] true cut num = cut_num + 1

until total_cuts ~ n - I

function provisional_cost

{Calculates a provisional distribution cost for a given customer based on allocating
hoth structure and cable cost between the customer and the tree, and a cable cost
only for the entire distance from the customer to the SAl. !

)rocedure prune
passed variables:
n ( number of nodes J
to

-; cut ord

laval variables
total_cuts
cut_num
was cut
i

cut. l.t

lines
GR
dist
dist2SAI
density
FillFactor

distance to the tree )
distance to the SAI via tree
dverage density for tree }

total cuts =

for i = 1 to n
cut_ord(i]

next

repeat
for i - 2 to n

if not (was_cut(i]) then
cut it = true
for j ~ 2 to n do

if not (was cut[111 then
if _tor)] ~ i then

cut it - false
end if -

cut num

for i ~ 1 to n
was_cut!i]

next
false
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local variables:
cable cost
n2016-
n672
n96
n24
gauge
uc
bc
ac
us
bs
as
mh
structure cost
ac structure
ae=cable
penalty
pet ugd
pct=bur
pct_aer
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if i <_ ntilll_t:em~(tll.en""·;{l'OOk only at Hiie nodes'J'wtllch'are indexed 1••nUlll_t:eJ:1llS1

( First, make the technoloqy determination.
ac_cable

pct_aer

ac_ugcLcop * uc + .c_bar_cop * be + ac_••r_cop .... ac

( Now calculate structure and cable costs.)

if dist2SAI
gauge

else
gauge

end if

if dist2SAI
penalty

else
penalty

end if

> copper gau~ ..OYer then
g24 - -

g26

> JIIAX copper dietanc. then
JWrCopperPendty

one

if lines > 0 then
provisional cost

else -
provisional cost

end if

end if

procedure prim tree
passed va;}ables:

(dist • ac_structure + dist2SAI • ac_cable) • penalty

".ro

ac structure = ac ~ struc k us + ac bur strue * bs + ac aer atrue * as
- + .cC....ihole • nth - - - -

structure_cost

cable_cost

call structure cost fn
pass variables~ -
lines
o
density
GR. hardness
GR.DepthToBedrock
GR. SoilTexture
GR.MinSlope
GR. MaxSlope
GR.WaterTb
o

·us
·bs
·as
• nth

·pct ugd
·pct-bur
·pct=aer

call diat cable coat
pass variables:
lines
density
gauge
·uc
·bc
·ac
pct_ugd
pct bur

(structur.pas)

(cable .pas)
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GR
n
line vector
dmtx
density
FillFactor
*_from
• to
wdist2node
'dist2SAI

.local constant.s:

dlarge = 999999999.9

local variables:

)

k
I
a
b
c
dl
d2s
min
idx
dist
dist2
cost
technology

for i 1 to n do
a [ J ~ true
b[ J = 0

number of nodes, including SAl }

distance matrix}
density for SA }

list of lots, with *1 - SAl }
lot that each node points to }
distance from each lot to next node
distance to switch from each lot I
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e[i] = dlarge
dl[i] = zero

next

dist2node[i] = dl[i]
dist2SAI[ij = d2s[i]

next

e[l] = zero
d2 s [ 1] - zero

from[l] = 1
-toll] = 1
dist2node(l] - zero
dist2SAI(l] = zero

j =

for i == 2 to n
d2s[i] - dmtx[i] [1]

next

·x
.y
*drop terminal cost
*MG nId cost 
*ctrop_cost
·drop_feet

procedure get line.
passed v~iables:
GR
density
row
col
NS lots
EW-lots
lines
·n
*line_vector

local variables:

(primdist .pas)

terms
lin;_veetor[k]
GR
dist
dist + d2s(j]
density
FillFaetor

GR
dist
dist2SAI
density
FillFactor

for l = 2 to n
min = dlarge
for k - 2 to n

if (k <> j) then
if a [k] then

dist = dmtx[j] [k]
cost = call provisional cost

variables -

j - 1
a(j] - false
d2s[1] = dist2 i = 1

loop while i <= EW_lots

drop terminal cost = %8ro
total lots = EW lots • NS lots
lines=per_lot =-lines / total_lots

1
factor
lines per lot
total-lots
drop length
pet ;:;gd
pet=bur
pet aer
tmp-
us
bs
as
mh

elk) then
cost
dist

if min> e[k] then
min = e[k]
1 = k
dist2 = dl[k] + d2s(b(k]]
if
I if a [k] J

if cost <
e( k]
dl [k]
b[kj

end if

end
end if

end if
next k

next i

for i = 2 to n do
from[i] = i

-tori] = b(i]

factor = em..
j = 1
loop while j <- NS lots

( Take in lots-on both sides, top and bottom, unless this is a micIoqrid )
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border, in which case take in lots only on one side. It it is the
corner, take in only one lot.

primdist.pas

! Now we need to calculate drops to customer locations }

or (j = NS_lots) then

if drop length> aax dro.P ~eugtb then
drop length = .ax~ ~eDgtb

End if - --

U6er ~ambda • O. 5
• sqrttsqr«(l / NS lots) • GR.HicroGridNS • DiatRoadFactor)

+ sqr«(l / Eli-lots) • GR.HicroGridEIi • DiatRoadFactor»
+ (1 - uaer_~ambda) •. 5 • (1 / NS_lots) • GR.HicroGridNS • DiatRoadFactor

if (i - Eli lots)
factor-= 2

else
factor ""'

end if

if (i ~ Eli lots) and (j
factor-=: oDe

end if

NS_lotS) then

drop length

drop_cost total lots drop_length • cost~r_dro.P_k~

n = n+l drop feet total lots • drop_length

line_vector[n) = factor * lines_per_lot ( Finally, calculate cost of nids for this microgrid )

x [nJ
y [n]

GR.LowerLeftX + (col - 1) • GR.MicroGridEIi + i '
GR.LowerLeftY + (rOW - 1) • GR.MicroGridNS +

lone
(one

EW lots)
NS-lots) MG_nid_cost nid_cost ' total_lots

i+2
end (while i )

j - j + 2
end loop (j <= NS_lots)

drop_terminal_cost

tmp = call structure cost fn
pass variables: -
line vector [n]
o -
density
GR.hardness
GR. DepthToBedrock
GR. SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

o
'us
·bs
'as
·mh
·pet ugd
·pet-bur
*pct=aer

drop terminal cost
+ call-drop t.:Ciiinal cost fn

pass variables: - -
factor· lines-per_lot
density
pet ugd
pct:::bur
pet_aer

(structur.pas)

(terminal.pas)
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procedure calculat.~r~_d1strLbution_cost

passed variables:
GR
num SAls
SAIl{
SAIY
density
FillFactor
lines
flag
*prim dlstribution cost
·prim-line feet 
"'prim-drop-feet
*prim-drop-cost
·prim-nid cost
.prim-lines served
"'prim-term cost
+MaxirnumDistance
·ugd cable
*bur-cable
*aer-cable
*ugd-structure
*bur-structure
*aer-structure
·HanholeCost

local variables:

j
n
k
midx
midy
lots
Eli lots
NS-lots
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for k = 1 to num SAls
{ First, we need to set up the distance matrix to be used by PrimTree. }

••ro

{'Add SteiMr junction )iodes "lI.t, ••Ch::::tilttice PointU~i), aileiVthrougli; SAt';loeat.'icin' 1

Ilotdiv.pas)

Iprimdist .pas)

+ grid drop cost
+ grid-oid cost
+ grid-dropterm cost
+ grid=drop_feet

::;;g.ilUatoGd~

prim drop cost
prim-oid cost
prim-term cost
prim=drop=feet

*line_vector
*x

*n

*y
*grid dropterm cost
*grid-nid cost
*grid-drop cost
*grid:ctrop=feet

call get line.
pass variables:
GR
density
i
j
round (NS lots)
round (EW-lot s)
lines [i. JJ

call lot d1vide
pass variables:
lots
*NS lots
*EW-lots

prim drop cost
prim=nid_cost
prim term cost
prim-drop-feet

end if 
next

next i

for i = 1 to GR.nrow
for j = 1 to GR.ncol

if (flag[i,j) - k) and (lines[i,j] > zero) then
lots = round (GR. households [i,jJ * takerate)

+ round(GR.buslines[i,j] / linaa-PAr_bua)

)

zero
zero
zero
zero
zero
zero
zero
zero

"'" zero
zero
zero
.ero
zero
zero

x (11 = SAlX (kJ
y[lJ = SAlY[kJ
line_vector [1)
n - 1

prim_distribution cost
prim drop cost
prim-nid cost
prim-term cost
prim-drop-feet
ugd cable-
bur-cable
aer-cable
ugd-structure
bur=structure
aer structure
ManholeCost
MaximumDistance
prim_Hne_feet

area
cable cost
structure_cost
total lines
SAl LInkDistance
tl_lines
gauge
penalty
uc
be
ac
us
bs
as
mh
dmtx
x
y
line vector

from
to

cut ord
DistToNode
DistToSAl
route distance
tcost-
grid dropterm cost
grid-drop cost
grid-nid cost
grid-drop feet
dist- cost-
rest

8S
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'nih

for i - 1 to n do
for j = 1 to i do

dmtx[il [j] = (abs(x[il - x[jJ) + abs(y[iJ - y[jJ)) , DistRoadJ'actor
dmtx[j] til - dmtx[il [j]

next j
next i

! Now calculate the spanning tree. I
for i - 1 to n

if DistToSAI[i] > MaximumDistance then MaximumDistance

next

DistToSAI[ i J

prim_line_feet + line_vector[i] • DistToSAI[i]
for i = 1 to n

prim_line_feet
neKt

prim distribution cost = prim distribution cost + dist cost
ugd cable - ugd cable + uc - -
bur-cable = bur-cable + bc
aer-cable = aer-cable + ac
ugd-structure = ugd-structure + us
bur-structure = bur-structure + bs
aer-structure = aer-structure + as
ManholeCost = ManholeCost + nih

next k

(primdist .pas)

{"":..ant the nwober' of 'lilt. nOdes to' include the SAl I

n
line_vector
dmtx
density
FillFactor
* from
, to
"'oistToNode
*DistToSAI

ca 11 prim tr_
pass variables:
GR

( Determine cuts by pruning branches }

call prune
pass variables:
n

to
*cut_ord

fprimdist .pa.s.l

{ Accumulate lines at each node, and sum total feeder cost

call cumulate lin••
pass variables:
GR
n
to

line vector
DistToNode
DistToSAI
cut ord
density
FillFactor
*dist cost
""uc -
*be
*ae
'us
*bs
*as

(pr imdist .pas)
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118 ~ ugd structure
bs ~ bur-structure
as = aer structure
mh ~ ManholeCost

bel
ael
ufl
bfl
afl
ue2
be2
ae2
uf2
bf2
af2
ue3
be3
ae3
un
bn
an.....
Be4
a<!I4
~

l>U
~

us
bs
as
mh
fcel
fcc2
fib_lines

: imfeed. pas

16 three procedures available outside of this module are:
cumulate_lines
prune
prim_tree

rocedure cumulate lines
passed variables:
n {number of nodes
to

DistToNode
DistToSwiteh
cuts
structure cost
density 
FillFactor
*feeder cost
* fei@:]£ilp!t;tl;"2l;911 t
*ugd cable
*bur-cable
*aer-cable
·ugd-fiber
"'bur-fiber
*aer-fiber
*ugd=structure
*bur_structure
*aer structure
*ManholeCost
pct ugd
pct=bur
pct_aer

local variables:
e

nc
k
was cut
g26-lines
g24-lines
t1 lines
fiber lines
fm.1~.
cable-cost '
technology
n2016
n672
n96
n24
ucl
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ugd_structure
bur_structure
aer structure
ManholeCost
ugd cable
bur-cable
aer=cable
ugd fiber
bur-fiber
aer-fiber
ucl-
bcl
acl
ufl
bfl
afl
uc2
bc2
ac2
uf2

zero
zero
zero
zero
zero

= zero
zero
zero
zero
zero
zero
zero
zero
zero

"'" zero
zero
zero
zero
zero
zero
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select case SA array[i-1J.feeder technology
case copper26 -

g26 lines[>J - SA array[i-l].ResLines / FillFactor
+(SA-array[i-1J.BusLines
- 11/ 12 • SA array[i-l).switchedDSl
_ 11 / 12 • SA=array[i-1J.SpclAccessDS1) / FillFactor

(SA array[i-l].switchedDSl
SA=array[i-l).SpclAccessDS1\ I FillFactor

= zero
=' zerO
= zerO
'"' zero
"" zero
"" zero
:= aero

tl_lines[iJ

case copper24
g24_lines [iJ

+

_ SA array[i-l].ResLines / FillFaetor
+ (SA-array[i-l] .BusLines
- 11/12' SA array[i-l).switehedDSl
- 11 / 12 • SA=array[i-1J .spc1AecessDS1) / Fi11FaetoI

First, make the technology determination. j

ne ~ euts[l] for i
end if

next

i "" 2 to n
if i <= Dum S•• + 1 then

call calculate feeder technology
pass variables~ -
DistToSwitch[iJ
i-I
density
FillFactor
'technology
*n20l6
*n612
*n96
*n24
pet_ugd
pct_bur
pet_aer

end select

(SA array[i-l).ResLines I FillFaetor
sA-aIray[i-1J.BusLines / FillFactor)

* tl_redUndaDcY_factor / 12

case t 1
tl-lines[i]

for c = 1 to nc
for i = 2 to n

if not (was cut[i]) then
if euts[il=e then

k = to[iJ
g26 lines[kl ~ g26 lines[kJ + g26 lines[iJ
g24-lines[k] = g24-lines[kJ + g24-lines[iJ
tl lines[kJ = tl_lineS[kJ + tl_lines[i]

case fiber
fiber lines[i] ~ (SA array[i-1J .n20l6 + SA array[i-1J .n612

- SA-array[i-1J .n96 + SA array[i-l].n24)
4 /-FiberFil2Factor -

tl lines[i] - (SA array[i-l].switchedDSl
+ SA=array[i-ll.spclAccessDS1) / FillFactor

next
end 1.£

feeder cost ~ ZERO
f~_splice_cost - &ERe

)
(tech.pas)

cutS[iJ2 to n do if cuts[i]>nc then nc

false
for i = 1 to n

was_cut [iJ
next

tor

for i = 1 to n
g26 lines[iJ = ZERO
g24-lines[iJ - ZERO
tl lines[i1 = &ERe
fl'

'!'-1Dd

next

for i "" 2 to n
if i <= Dum_S.S + 1 then

(do t1ber Une.s fiilin

{we look at Bp1iC1ri!icoali'r_~'!iiCOri_&lly··ef.tlaleJIt}
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(cable .pas)
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cable cost call feed cable cost
pass variables:-
g26 llnes[i]
density
copper26
*ucl
"'bel
*acl
*ufl
'bfl
'afl
pct_ugd
pct_bur
pct_aer

+ call feed cable cost
pass variables:-
g24 lines[i]
density
copper24
*uc2
"'bc2
*ac2
*uf2
*bf2
*af2
pct_ugd

(cable.pas)

(cable .pas)
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pct_bur
pct_aer

+ call feed cable coat
pass variables:-
t1 lines[i]
density
t 1
"uc3
"bc3
'*ac3
"uO
"bO
"af3
pct ugd
pct=bur
pct_aer

(cable.pas)
procedure prune

passed variables:
n ( number of nodes )
to

.cut ord

local variables:
total_cuts
cut_num
was_cut

cut it

total cuts =

for i ::: 1 to n
cut_ord[i]

next

Y"epeat
for 1 ::::: 2 to n

if not {was_cut [i)) then
cut it = true
tor- j ~ 2 to n

if not (was cut[jJ) then
if to[j] = i then

-cut it = false
end if -

end if
next

=' cut_num
true
total_cuts + 1

false

if cut it then
cut ord[i)
was-cut[iJ
total cuts

end if 
end if

for i = 1 to n
was_cut (i 1

next

cut nurn

if (g26 lines(i] + g24 l,nes[i) + tl lines[i)+ fiber cables [1] I
> 1. Oe-=6 then - - -

feeder cost = feeder cost + (structure cost + cable cost)
- " DistToNode(i] -

end if cut_num ""' cut_.num + 1

was cut[iJ ~ true
end if -

end if
next i

next C

until total_cuts - n - 1

function proviaional coat
passed variable~
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rimfeed.pas primfeed.pas

{ First, make the technology determination.

if i <= .DUm_BAs then {look only at "live" nodes, which are indexed 1 .. num~SAs

(Calculates a provisional feeder cost for a given SAl based on allocating both
structure and cable cost between the SAl and the tree, and a cable cost only for
the entire distance from the SAL to the switch. )

select case technology

(cable.pas)

dlst • ac structure T dist2switch
~ (ac u~ cop· uc + ac bur cqp • be + ac .ar cqp • ac

ac:ugd::fib • uf +- ac=bur=.fib .. bf ac=••r::fib" at)

zero

call feed cable coat
pass variables:
lines
density
technology
'uc
'bc
'ac
'uf
'bf
'af
pct ugd
pct=bur
pct_aer

else
proviSlonal cost

end if

if lines > 0 then
provisional cOSt

end select

cable cost

case t 1
lines = SA_array[i].lines * tI_r.dUDdaacy_~actor 1 12

case else
lines - SA array{ij.ResLines I FillFactor + (SA array[i].BusLines

- 11-1 12 * SA array[i] .SwitchedDS1 -
- 11 1 12 ' SA=array[i].SpclAcceSsDS1) 1 Fi11Factor

case fiber
lines - (n2016 + n672 + n96 + n24) * 4 1 FiberFiLLractor

indexes the SAl }
distance to the tree }
distance to the switch via tree )
average density for tree }

local variables:
cable_cost
n2016
n672
n96
n24
lines
technology
uc
bc
ac
uf
bf
af
sai index

dist
dist2switch
density
Fill Factor
ac_structure
pct ugd
pct-bur
pct_aer

{ Now calculate structure and cable costs, assuming that geologic factors
throughout feeder route are the same as those for this SA. }

end if

list of SAls, with II - switch
SAl that each node points to }
distance from each SAI to next node

switch }

dist 1 1000provisional cost

else

procedure prim tree
passed va;iables:
n ( number of nodes, including
drntx { distance ma trix }
density ( average density for tree )
FillFactor
ac structure
* from
·-to
*dist2node

(tech.pas)call calculate feeder technoloqy
pass variables7 -
dist2switch
i
density
FillFactor
'technology
'n20l6
'n672
'n96
*n24
pct ugd
pct=bur
pct_aer
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mfeed.pas
primfeed.pas

local constants:
dlarge = 999999999.9

local variables:
1

j
k
"t
a
b

pet aer

if min> e[k] then
min - e(k]
1 = k
dist2 = dl(k) + d2s( b(k) ]

end if
end if

end if
next k

elk] then
- cost

dist
j

if cost <
e(k]
dl (k]
b(k)

end if

( distance to switch from each SAl)*dist2swi tch
pet_ugd
pet_bur
pct_aer

dl
d2s
min
idx
dist
dist2
cost
technology

for i = 1 to n do
ali] - true
b [i] = 0
e[i] = dlarge
d1li] = zero

next

e[lJ = sera
d2s[l] = sera

j = 1
a[j) = false
d2s[l] = dist2

next i

for i == 2 to n
from[i] =

-to[i] = b[i]
ctist2node[i) = dl[i)
dist2switch[i] = d2s[ij

next

from[l] = "t
to [1] = 1

dlst2nodellj zero
dist2switch[1] = sera

for i = 2 to n
d2s[i] = drntx[i] [1]

next

j =

for i
min
for

2 to n
dlarge

k = 2 to n
if (k <> j) then

if a[k] then
dist = drntx[j] [k]
cost == call provisional coat

pass variables: -
k-l
dist
dist+d2s[j]
density
FillFaetor
ac structure
pet ugd
pet:::bu r

(primfeed.paS)
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nsaLpas
primsaLpas

else

for i = 1 to n
tl_lines[i] = zero

next

for i = 1 to n
was_cut[iJ = false

next

for i = 2 to n
tl lines[i] = dsO_l~nes[~] * tl_redUndaDcy_~.ctor I 12

next

(s t ru e t ur. pa s)

zero
,: zero

zero
zero
zero
zero
zero
zero
zero

for i = 2 to n
if cuts[i]>nc then

nC = cuts[i]
end if

for c "" 1 to nc
for i = 2 to n

if notlwas cut[i]1 then
if cuts[i]-c then

k = tOll)
':1 linestk] = 1".1 llnes(k) + t.l linesLil
If-tl l~nes[iJ >-h.~~ then -

t~p = call structure cost ~n

pass variables: -
tl lines [i]
o -
density
SA.hardness
SA. DepthToBedrock
SA. SoilTexture
SA.MinSlope
SA.MaxSlope
SA.WaterTb
1
1
o
·us
*bs
·as
·mh
·pct_ugd
*pet_bur
·pct_aer

link cost
term-cost
ugd cable
bur-cable
aer-cable
ugd=structure
bur structure
aer structure
ManholeCost

)cedure cumulate li.ne.
passed variabies:
n ( number 0 t nodes )

to
dsO lines
DistToNode
DistToPrimary
cuts
density
SA
*link cost
*term cost
*n96 
*n24
*ugd cable
"'bur-cable
*aer-cable
*ugd=structure
"'bur_structure
*aer structure
*ManholeCost

technology = t 1

~ only procedure used outside of this function is get_l ink_cost

msal.pas

local variables

was cut
tl lines
cable cost
technology
structure_cost
uc
bc
ae
uf
bf
af
us
bs
as
mh
tmp
pet ugd
pet=bur
pct_aer

nc = cuts[l]
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·imsai.pas primsai.pas

structure_cost = tmp

if t 1 lines [i 1 > ha~f then
tinp = call fee4 cable cost

pass variables:-
tl lines [il
,1ensitY
t_l
·uc
'bc
'ac
'uf
'bf
oaf
pct ugd
pct=bur
pet aer

link cost = link cost + (structure cost + cable cost)
- , DistToNode[iJ ' DistRoadFactor

end if

(terminal.pas)

ugd cable + uc ' DistToNode[i] 'DistRoadFactor
bur-cable + bc ' DistToNode[il ' DistRoa~ctor

aer-cable + ac ' DistToNode[il ' DistRoadFactor
ugd-structure + us ' DistToNode(il ' DistRoadFactor
bur-structure + bs ' DistToNode[iJ ' DiatRoadFactor
aer-structure + as + OistToNode[i] * DiatRoadFactor
ManholeCost + mh ' DistToNode(il ' DistRoadFactor

term_cost + trnp

ac24
o
1

ugd cable
bur-cable
aer-cable
ugd-structure =
bur=structure
aer structure
ManholeCost

term cost

else
tmp
n96
n24

end if

if tl lines[il > halL then
tinp = call tl teDllinal cost fn

pass variables: -
dsO lines[i)
'n96
'n24

cable_cost = tmp

was cut[i] ~ true
end If -

end l-f
next 1

next c

procedure prune
passed variables:
n { number of nodes }
to

"cut ord

(cable.pas)

(structur.pas)

'us
'bs
'as
'mh
'pct ugd
*pet-bur
·pct-aer

call structure cost fn
pass variables: -
9999
o
density
SA. hardness
SA. DepthToBedrock
SA. SoilTexture
SA.MinSlope
SA.MaxSlope
SA.WaterTb
1
1
o

tmp &

end if

local variables:
total_cuts
cut_num
was_cut
i
j
cut it

else
trnp = call fee4 cable cost

pass variables:
9999
density
t 1
*~c
'bc
'ac
'uf
'bf
oaf
pct_ugd
pct_bur
pct_aer

(cable.pas)

total_cuts =

for i == 1 to n
cut_ord[il

next
o
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